Background: The objective of this study was to determine whether a cluster scheme of allergic immunotherapy (AIT), starting administration of the therapeutic extract with the highest available concentration vial (vial B) of Allergovit®, affords adequate safety and tolerance under conditions of routine clinical practice. Methods: An observational study with retrospective collection of data from protocolled patients' medical records was designed. Patients of 5-65 years old with diagnosis of rhinitis with or without bronchial allergic asthma and hypersensitivity to pollen were selected. Patients were treated with subcutaneous Allergovit®, starting with cluster high doses (500 + 500 TU/1500 + 1500 TU/3000 + 3000 TU) on days 1/8/15 of the build-up phase and 6000 TU monthly on the maintenance phase for 2 years. Results: One hundred and ten patients were included being 51.8% (57) females with a mean age of 30.9 years (95% CI 28.1-33.6). During the first year of AIT, 46 patients suffered 69 adverse reactions (5% of injections). Local reactions were observed in 3.03% of injections (60), and systemic reactions in 0.46% of injections (9). Fifteen systemic reactions were observed in 11 patients during 2 years: 3/Grade 1, 11/Grade 2 and 1/Grade 3, all of them were resolved in 1 day. Conclusions: Cluster AIT reduces the vaccination build-up period, reaching the desired maintenance dose within 2 weeks. The low number of local and systemic reactions observed, the low severity and the resolution of all of them mostly in only 1 day, and the similar safety results observed in other cluster schemes allow to conclude that the cluster scheme evaluated (500 + 500 TU/1500 + 1500 TU/3000 + 3000 TU) was safe for the patients.
Background
Immunotherapy with allergens involves the gradual administration of increasing doses of an allergenic extract in an allergic individual until the desired optimum maintenance dose is reached for improving the symptoms when exposure to the causal allergen occurs [1] . The main concern is to achieve an adequate balance between treatment efficacy and safety in the patient receiving the treatment.
Many articles warrant the efficacy of allergic immunotherapy (AIT) as treatment for IgE-mediated respiratory diseases. Such efficacy has been demonstrated not only by the conclusions drawn from randomized clinical studies but also by meta-analyses that have more objectively evaluated the results of such studies [2, 3] .
In order to guarantee the safety of the patients in immunotherapy treatment, the conventional administration regimens recommended by the companies that manufacture the different therapeutic extracts, designed on an empirical basis, contemplate a slow increase in the doses administered to the patient, in some cases extending the process over as long as 20 weeks. These regimens, administered by experienced specialists, have been found to be very safe [2, 3] .
However, these recommended regimens have several inconveniences. Since administration is carried out via the subcutaneous route, the patient must attend the medical center for weekly dosing over a period of time that sometimes exceeds 3 months. The patient must remain in the center for 30 min after each dose in order to confirm adequate tolerance.
In many cases, this treatment scheme leads to a lack of adherence of the patients that start the treatment due to the inconveniences in adapting their daily living activities to the multiple periodic visits.
These circumstances have favored the development of cluster schemes for administering the initial immunotherapy phase to get the reduction in the number of visits, injections, and time to get the maintenance dose.
A cluster scheme consists of the administration of several increasing doses of an allergenic extract on the same day, with a usual interval between doses of 30 min, and spacing each dosing group over several days (usually 1 week). Nowadays, there is no consensus about which cluster scheme is most effective. Since cluster scheme administration does not follow a common recommendation, the different immunotherapy units use different schemes adapted to their own clinical experience, where safety has not been demonstrated in the context of clinical trials. Specifically, no information has been published on the start of immunotherapy using the highest allergen doses contained in the so-called vial B, though this regimen has been used by the immunotherapy units for a number of years.
The objective of this study was to determine whether a cluster scheme of AIT, starting administration of the therapeutic extract with the highest available concentration vial (vial B) of Allergovit®, affords adequate safety and tolerance under conditions of routine clinical practice.
Methods

Study design and setting
An observational study was designed in which retrospective information was collected through the review of protocolled patients' medical records. The study was approved by the Ethics Committee of the Hospital Universitario Ramón y Cajal (Madrid, Spain) on December 11, 2015. The study was conducted in line with national regulations on observational studies, and ethical principles of the Declaration of Helsinki.
The study was completed in six immunotherapy units from public hospitals in five Spanish provinces.
The information of the first patient was included in January 9, 2017, and the last patient on June 16, 2017. AIT was administered in the past 2 years previous to data collection for the study, so the patients were selected retrospectively and consecutively from those fulfilling eligibility criteria. All patients who received at least one dose of AIT were included in the study.
Collection of efficacy and safety information was possible due to the quality of the protocolized information records in the selected centers.
Study objectives
The primary objective of this study was to evaluate the tolerability of subcutaneous AIT with starting regimen of high doses (vial B) of allergenic extracts of Allergovit® (Allergopharma), in pollen-sensitized patients.
The secondary objectives were to evaluate adherence to immunotherapy, to analyze the main causes of withdrawal and/or non-compliance with immunotherapy, to analyze efficacy of subcutaneous immunotherapy, and to analyze the global clinical impression of the physician whit the result of the immunotherapy.
Eligibility criteria
The eligibility criteria were as follows: (a) patients between 5 and 65 years old when AIT was administered; (b) diagnosis of rhinitis with or without bronchial asthma of allergic etiology; (c) hypersensitivity to pollen determined by prick test and/or allergen-specific positive IgE; (d) patients who had been treated with subcutaneous AIT with Allergovit®, starting with high doses using vial B; (e) patients were excluded if any contraindication to AIT was present at the time of administration, as described in the summary of product characteristics of Allergovit [4] ; (f) patients should not have received treatment with another AIT within 3 years prior to initiation of immunotherapy treatment with Allergovit; (g) patients and the parent or legal representative in case of minors, have signed the written informed consent form to participate in the study.
Data sources and measurement
For the description of the main objective, the patient's adverse reactions to AIT observed during the treatment period were collected, specifying the start and ending date of the reaction, whether the reaction was early (manifesting in the first 30 min after vaccination) or delayed (30 min or more after vaccination), the treatment measures adopted (none, dose reduction, treatment suspension, drug therapy), the type of adverse reaction (local or systemic), and their outcome (resolution, sequelae, death). The intensity of the recorded adverse reactions was evaluated based on the criteria and recommendations of the World Allergy Organization (WAO). Systemic adverse reactions are currently classified into five grades (1) (2) (3) (4) (5) according to severity, where 1 corresponds to the least severe and 5 to the most severe [5] .
Date and doses of AIT were recorded. The number of doses prescribed each year and the number of doses finally administered were registered. If the administered doses were fewer than the prescribed doses, the reasons for non-compliance were documented. In the event of treatment interruption, the date and reason for interruption was recorded.
Information was collected which referred to patient age and sex, socioeconomic level (low: annual income below 15,000 Euros; medium: annual income between 15,000 and 45,000 Euros; high: annual income above 45,000 Euros), and history of concomitant medical conditions. The date of the first allergic episode and of the prick test and the names of the allergens to which the patients were sensitized were recorded. The intermittent or persistent nature of the nasal and bronchial symptoms was documented. As the following data were systematically collected by investigators in the past, the frequency of allergic symptoms before the start of AIT and in each year of follow-up was documented. The ocular, nasal, bronchial/ asthma symptoms, and their weekly frequency were collected into four categories coded from 0 to 3 as follows: 0 = absent; 1 = infrequent (≤ 2 days/week); 2 = frequent (> 2 to 5 days/week); and 3 = very frequent (> 5 days/week). The proportion and type of allergen contained in the vaccine and its administration regimen (preseasonal, pre-coseasonal, or perennial) were also collected.
At the end of the AIT period, physician Clinical Global Impression which referred to patient response was scored based on a visual analog scale (VAS) from 0 to 10 points, where 0 = not at all satisfied and 10 = very satisfied.
Sample size
In a retrospective study collecting information about the administration of two cluster schemes of subcutaneous immunotherapy in 304 patients treated with Allergovit in 20 Spanish centers, 8.6% of adverse reactions were observed related to the number of administered doses [6] .
A sample size of 110 patients had a power of 82.6% for the evaluation of the percentage of adverse reactions to subcutaneous AIT in the total treatment period with a precision of 0.05. The sample size was calculated before the initiation of the study and by a two-sided level of significance of 0.05 normal approximation (Sample Power, SPSS).
Statistical methods
A descriptive analysis was made calculating frequencies and percentages for the qualitative variables and the usual values for qualitative variables (mean, standard deviation, minimum and maximum, and 95% confidence interval). Comparisons between variables were completed using the Fisher test or chi-squared test when the values were qualitative, and the Student t test was used for the comparison of independent groups in the case of quantitative variables. ANOVA for repeated measures with Bonferroni of Games Howell correction for multiple comparisons was applied for the comparison of symptoms score mean by year of follow-up. SPSS 24.0 software was used for the statistical analysis. Statistical significance was stablished on 0.05.
Results
Number of patients and clinical and socioeconomic description
One hundred and ten patients were included. Among them, 48.2% (53) were men and 51.8% (57) women with a mean age of 30.9 years (95% CI 28.1-33.6). Nine patients (8.2%) were children from 9 to 12 years old.
The socioeconomic level was medium in 82.7% (91), high in 11.8% (13) , and low level in 5.5% (6) . In Table 1 , the concomitant medical conditions in the patients were described.
Allergic history and baseline description of symptoms
The mean time of evolution of allergic disease at the start of immunotherapy was 8.5 years (95% CI 7.2-9.7) with median of 7.2 years.
Sensitized to a single allergen were 24.5% (27) of the patients. Remaining patients (75.5%, 83 patients) were sensitized from two up to nine different allergens.
Before AIT, 96.4% (106) patients had ocular symptoms, 100% (110) nasal symptoms, and 77.1% (81) bronchial symptoms. Rhinitis and asthma were present in 73.6% (81) of the patients, and ocular-rhinitis-asthma patients represent 71.8% (79). Persistent nasal symptoms were observed in 86.8% (92) and persistent bronchial symptoms in 45.7% (37) of patients with bronchial involvement.
Composition of immunotherapy and cluster regimens
In 76 patients (69%) the composition of Allergovit was grass. In 14 patients (12.7%), the composition was olea. In two patients (1.8%), the composition was parietaria. In 18 patients (16.4%), the composition was grass and olea with composition of 50-50% in all the patients.
Immunotherapy administration was pre-coseasonal in 8.2% (9) and perennial in 91.8% (101).
The patients received the scheme of doses with vial B: day 1, 0.1 ml in two doses the same day separated by 30 min (0,05 + 0,05) equivalent to 1000 Therapeutic Units (TU); day 8, 0.3 ml (0,15 + 0,15; 3000 TU); day 15, 0.6 ml (0,3 + 0,3; 6000 TU) completing with this dose the build-up phase. Then 0.6 ml (6000 TU) on day 30, and 0.6 ml (6000 TU) was administered monthly until the end of the first year of immunotherapy (maintenance phase). In the second year, monthly maintenance doses of 0.6 ml (6000 TU) were administered.
Adverse reactions to cluster regimen of immunotherapy Number of patients with adverse reactions
In the first year of cluster subcutaneous AIT, 46 patients (40.9% of the total patient sample) presented at least one adverse reaction. In the second year of maintenance dose, 6 patients (5.5% of the total patient sample) presented at least one adverse reaction.
Out of the 46 patients that suffered an adverse reaction during the first year of immunotherapy, 37 (33.6%) patients were affected with local reactions and 9 (8.2%) patients with systemic reactions. Out of the 6 patients that suffered an adverse reaction during the second year of immunotherapy, 4 patients (3.6%) were affected with local reactions and 2 (1.8%) patients with systemic reactions.
Number of adverse reactions by the build-up and maintenance phases
The number of adverse reactions by treatment phase is detailed in Table 2 , line 1 (Solá, 2018), and compared with results in other studies.
There was a total of 79 adverse reactions to immunotherapy in the 2-year follow-up (2.4% of injections), of which 69 adverse reactions where on the first year (3.5% of injections) and 10 adverse reactions on the second year (0.8% of injections).
Out of the 69 adverse reactions during the first year, 60 (3.03% of injections) were local reactions (3 immediate, 57 delayed) and 9 (0.46% of injections) systemic reactions (2 immediate, 7 delayed). Out of the 10 adverse reactions during the second year, 4 (0.3% of injections) were local reactions (0 immediate, 4 delayed) and 6 (0.46% of injections) were systemic reactions (0 immediate, 6 delayed).
The 15 systemic reactions were as follows: 3 of Grade 1, 11 of Grade 2, and 1 of Grade 3. The systemic adverse reaction of Grade 3 that was resolved in 1 day and required the reduction of the dose of immunotherapy. The symptoms observed in the systemic reactions were as follows: 3 urticaria, 6 asthma, 1 dyspnea, 1 urticaria and edema, 2 facial edema with dyspnea, 1 urticaria with dyspnea and cough, 1 urticaria with facial edema and vomiting. Grade 4 reactions were not observed.
The number of local reactions was significantly higher in the first year of immunotherapy (p < 0.0001).
Adverse reactions were immediate in 6.3% (5) and delayed in 93.7% (74).
The mean duration of the local adverse reactions were 1.6 days (95% CI 1.1-2.1), with a median of 1 day, and range from 1 to 11 days. All systemic reactions had duration of 1 day.
In 49.4% (39) of the adverse reactions, no action was taken, all of them were local. In 10.1% (8), immunotherapy dose reduction was needed; in 3.8% (3), the immunotherapy was suspended. The patient was treated with other medication to control the adverse reaction in 36.7% (29) adverse reaction. All adverse reactions were resolved without sequelae.
The appearance of systemic reactions was not related to age, sex, time of evolution of allergic disease, initial frequency of symptoms, and composition of immunotherapy, neither administration regimen (pre-coseasonal versus perennial). Two patients showed three systemic reactions each, so previous systemic reactions could be related to subsequent systemic reactions. Most systemic reactions appeared with the first dose of immunotherapy (6 of 15): 6 with the first dose; 1 on day 8; 1 on day 15 and 1 on month 2, and 6 systemic reactions on the second year.
Two patients (1.8%) withdrew the immunotherapy in the first year due to worsening of symptoms and adverse reaction (local reaction). Two patients (1.8%) withdrew the treatment with immunotherapy in the second year due to adverse reactions (asthma).
The mean compliance for the 2 years of immunotherapy was of 97.5% (95% CI 95.8-99.2). The frequency of ocular, nasal, and bronchial symptoms decreased from the start of AIT to the second year of follow-up (p < 0.0001). The efficacy results are shown in Fig. 1 .
The researchers' Global Clinical Impression at the end of the second year of treatment was 7.6 points on a scale of 10 (95% CI 7.4-7.9), with a median of 8 points.
Discussion
The objective of this study was to determine whether a cluster scheme for build-up administration of the therapeutic extract with the highest available concentration vial (vial B) of a specific subcutaneous AIT product (Allergovit®) affords adequate safety when is used under conditions of routine clinical practice.
This form of administration reduces the vaccination build-up period, reaching the desired maintenance dose within 2 weeks. The low number of local and systemic reactions observed, the low severity and the resolution of all of them mostly in only 1 day, and the similar safety results observed in other cluster schemes, and similar results in regular AIT scheme of Allergovit allow to conclude that the cluster scheme evaluated (1000 TU/3000 TU/6000 TU) starting with the higher concentration (vial B) of AIT with Allergovit® was safe for the patients.
The study had the limitations inherent to retrospective data collection studies. The possibility exists that the case histories may not have documented enough information on the appearance of adverse reactions to immunotherapy, thereby limiting their description. The documented frequency may have been lower than real data. This is particularly possible about the description of local adverse reactions. Nevertheless, the report of local reactions was higher than expected compared to selected studies (Tables 2 and 3 ). The reporting of systemic adverse reactions was probably more concordant with the clinical real-world situation. The information on treatment efficacy and global clinical impression was collected with the same systematic procedure in the selected centers, so the information recorded can be considered valid.
Since the introduction of cluster AIT, the results of several clinical trials and observational studies designed to assess the safety of the strategy [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and meta-analysis of the results of some of them have been published [19] . The conclusions of these studies were that the tolerance profile of the different schemes employed was like that observed with the traditional treatment regimens, although in the meta-analysis published by Feng [19] it could not be concluded that cluster The results of this study in terms of safety were compared with those of several studies in which cluster schemes were analyzed and described in Tables 2 and 3 . In these tables, the data obtained in our study were detailed in the first line and include the exact confidence interval of 95% to be compared with the results of other studies, so any data out of the confidence interval means a statistically significant difference. Studies from line 2 to 9 were randomized clinical trials and the last study was observational retrospective and with Allergovit, the same product and design evaluated in our study but with a different cluster scheme.
As most adverse reactions appear with the first doses of AIT, different periods for the safety comparison must be analyzed. The build-up phase lasts from the first AIT dose until the maintenance dose is achieved. The duration of this period is different for the compared cluster schemes from 2 to 7 weeks. The maintenance phase in the first year of AIT is completed with monthly injections and must be maintained during a total of 3 to 5 years. Also, differences between local or systemic events must be considered to analyze the repercussions of AIT on the patient. The analysis of early (reaction that appears less than 30 min from immunotherapy injection) or delayed reactions (reaction that appears more than 30 min from immunotherapy injection) is also relevant, as the patients are observed in the immunotherapy units for 30-60 min. If any systemic or not tolerable reaction should appear during this time of waiting, this could be immediately treated by the physician.
In our study, 8.2% (95% CI 3.8-15) of the patients were affected by systemic reactions in the first year of immunotherapy; this figure represents 0.46% of injections (95% CI 0.2-0.9). The studies reviewed in Tables 2 and 3 declared from 0 to 39% of patients with systemic reactions in the first year of AIT. The most similar study to be compared with ours was by González-Gutiérrez, as the same AIT product was evaluated, with 11 and 11.3% of patients with systemic reactions on the build-up phase for each cluster scheme analyzed, with no statistical difference with our study, but it was not reported the number of reactions on the maintenance phase of the first year [6] . Results of Nanda [10] , Zhang [16] , and Klimek [18] were similar to ours in number of patients and number of injections, but Walker [7] and Colás [13] observed higher number of patients with systemic reactions and Crimi [9] , Tabar [11] , and Subiza [14] lower rates by patients and injections.
Systemic reactions were mostly of Grade 2, being urticaria and asthma the most frequent, and no anaphylactic reactions were recorded. All were solved in 1 day, and most of them appeared with the first dose of AIT (6 of 15). Two patients withdrew the immunotherapy in the first year due to worsening of symptoms and a local reaction. It is noteworthy that 7 of 9 systemic reactions were delayed, so they appeared when the patient left the clinic. Appropriate instructions must be given to the patients to detect any severe reaction to AIT.
Local reactions were more frequent in our study but 60.9% (39) of them do not require any treatment or AIT dose reduction. Many factors differ in the studies where the cluster schemes in subcutaneous immunotherapy can be compared and all of them could be related to the incidence of adverse reactions: the AIT product selected due to the different standardization processes; the type of vaccine (extract or allergoid); the concentration of the allergen; the dose administered in each injection; the type of allergen; if the vaccine contains only one allergen or it is multiple; the number of sequential doses and the time between doses. But also, patient's characteristics could derive in more risk of adverse reactions. Recognized risk factors for systemic reactions include uncontrolled asthma at the time of administration of injections, dosing errors, a prior history of injection-related systemic reactions (in fact in our study two patients showed three systemic reactions each), and administration of injections during peak allergy seasons [20] [21] [22] . It has been described lower risk of systemic reactions in dust-mite AIT compared to pollen AIT [6] . This data could explain the lower incidence in Tabar et al.'s study [11] .
Conclusions
In this study, the AIT product evaluated was Allergovit®, a hypoallergenic depot formulation for pollen-sensitized patients. The hypoallergenic nature of Allergovit® makes it possible to administer higher allergen maintenance doses, within the upper range of the interval recommended by the World Health Organization (WHO) [1] , to ensure maximum possible efficacy while guaranteeing patient safety. The different clinical trials performed with Allergovit® have clearly defined its efficacy and safety [23] [24] [25] [26] . In this study, the cluster scheme for build-up administration of the therapeutic extract with the highest available concentration vial (vial B) in 0.1 ml/0.3 ml/0.6 ml administered on days 1, 8, and 15, showed a safety profile comparable to other cluster schemes and similar to those observed in regular schemes with the same product. 
